Production and productivity (P/B ratio) of the high Antarctic Weddell Sea and Lazarev Sea macrozoobenthos are estimated by an empirical multiple non-linear model (artificial neural network) based on biomass data and other biotic and abiotic parameters. Average community (1500-4300 m). Community P/B ratio increases with depth from 0.18 year to 0.55 year . Taking into account the effects of water depth on production and of temperature on P/B ratio, Antarctic communities show no evidence of unique characteristics with respect to overall energy flow.
Introduction
In the high-Antarctic ecosystem the benthos is assumed to play a significant role in energy flow and matter cycling (Schalk et al., 1993; Jarre-Teichmann et al., 1997) . The limited access to these regions and the extremely high number of species present (e.g. Arntz et al., 1994) , however, make any thorough community energy flow study a process stretching easily over decades. Previous estimates of benthic community energy flow in the Weddell Sea are either indirect ones (Schalk et al., 1993) or based on the still very limited information on population productivity (Jarre-Teichmann et al., 1997) .
In the present study we estimate production and productivity of the Weddell Sea and Lazarev Sea macrobenthos by an empirical approach and compare our results with non-Antarctic benthic community production data.
192
T. Brey, D. Gerdes / J. Exp. Mar. Biol. Ecol. 231 (1998) 191 -200 
Methods

Data collection and treatment
During the 'RV Polarstern' expeditions ANT VI / 3, ANT VII / 4 and ANT IX / 3, 54 stations in the Weddell Sea and Lazarev Sea (Fig. 1) were sampled by the multi-box 2 corer (Gerdes, 1990; Gerdes et al., 1992) which collects nine boxes of 240 cm each simultaneously. The stations covered a depth range from 132 to 4293 m water depth and were grouped into five depth strata according to Table 1 . On average seven of the nine 2 boxes sampled per station (i.e. 1680 cm surface area) were used for macrobenthic analysis. The samples were sieved on 0.5 mm mesh size and stored in 4% formaldehyde solution buffered with hexamethylenetetramine.
In the laboratory, animals were sorted and identified to 38 taxonomic groups (Table  2) . Abundance and wet biomass per group were determined. We converted the wet mass data to g C and kJ using conversion factors for major taxonomic groups derived from org Cummins and Wuycheck (1971) , Dayton et al. (1974) , Atkinson and Wacasey (1976) , Steimle and Terranova (1985) , Rumohr et al. (1987) , Salonen et al. (1976) , Wacasey and Atkinson (1987) , Walker et al. (1987) , Brey et al. (1988) , Dauvin and Joncourt (1989) , Barthel (1995) , and Dahm (1996) and Refs. therein. Temperature data are taken from Gerdes (unpublished data). Table 2 The 38 taxonomic groups used for estimates of annual P/B ratio Porifera (1) Polyplacophora (6) Acari (8) Echinoidea (9) Hydrozoa (2) Aplacophora (6) Pantopoda (8) Holothuroidea (9) Anthozoa (2) Bivalvia (6) Amphipoda (8) Asteroidea (9) Bryozoa (3) Gastropoda (6) Cumacea (8) Ophiuroidea (9) Brachiopoda (3) Solenogastrea (6) Harpacticoidea (8) Crinoidea (9) Sipunculida (4) Scaphopoda (6) Cirripedia (8) Hemichordata (10) Turbellaria (5) Polychaeta (7) Isopoda (8) Tunicata (11) Nemertinea (5) Oligochaeta (7) Tanaidacea (8) Others (12) Priapulida (5) Hirudinea (7) Ostracoda (8) Vermes spp. (5) Echiurida (7) Crustacea spp. (8) The numbers in brackets indicate the 12 major taxonomic groups used for data representation (Fig. 2 ). estimated annual population P/B ratio from easy-to-obtain parameters such as mean body mass, living mode, feeding type, taxon, water depth and temperature (Table 3) by means of artificial neural networks, which are a specific multivariate non-linear approach. Annual production was subsequently computed from P/B and population biomass. The authors showed the sum of population production values obtained by this approach to be a reasonable estimate of community production. Due to the extremely large number of species present, we were not able to work at the population level, but used the 38 taxonomic groups of Table 1 as population units. Within each depth stratum we computed or determined the parameters mentioned above for these groups and used the artificial neural networks of to estimate P/B per group. Production of each group was computed by multiplying P/B with average biomass. The sum of these values resulted in community production per depth stratum.
Estimation of annual production /biomass ratio and production
Results
Biomass (B), production (P) and productivity (P/B) data are summarised in Fig. 2 . increases with depth from 0.18 year in the 100-300 m stratum to 0.55 year in the 1500-4300 m stratum. The distribution of B and P among the 12 major taxonomic groups shown in Fig. 2 indicates that in the 100-300 m stratum community standing stock and energy flow is dominated by sponges (54% of total B, 45% of total P), but in deeper waters by annelids (8-47% of B, 22-61% of P) and / or echinoderms (11-73% of B, 11-47% of P).
Discussion
Methods
From a statistical point of view, the number of stations per depth stratum is rather low, as indicated by the high variability of biomass data ( Table 1) . As any grab or corer, the multi-box corer (MBC) potentially underestimates abundance and biomass of large but comparatively rare species (e.g. ophiuroids, see Dahm, 1996) , as well as of highly mobile species which may escape from the approaching gear (e.g. decapods, see Gutt et al., 1991) . These problems can be overcome partially either by largely increasing the number of samples, an approach limited by available shiptime and manpower, or by combining different sampling techniques, as demonstrated by Dahm (1996) and Piepenburg et al. (1995) . Dahm (1996) showed that MBC underestimated biomass of ophiuroids by a factor of about 3 on the Weddell Sea shelf and slope. A three-fold increase of ophiuroid biomass would change only the community figures in the 1500-4300 m stratum distinctly (B 5 0.32 g C m , P 5 0.15 g C m year , P/B 5 0.48 year ), but it is not known if this correction factor is valid for this depth range, too. Generally we are not able to correct our biomass data appropriately to eliminate bias due to undersampling by the MBC, because no correction factors are available. Therefore our production figures should be interpreted as minimum estimates. Nevertheless, most other studies on 
Fig. 2. Mean biomass (g C m )
, annual production (g C m year ) and P/B ratio (year ) of macrozoobenthos in different depth strata of the Weddell and Lazarev Sea. Histograms indicate distribution of biomass and production among 12 major taxonomic groups which are composed of the 38 groups the computations are based on. community metabolism suffer from similar shortcomings (see Refs. in Fig. 3 ) and are thus comparable with our data.
The artificial neural networks of were trained with 899 data sets (¯400 species) referring to populations inhabiting temperature regimes between 2 1.8 and 308C, and water depths between zero and 2800 m and hence are assumed to be suitable for application to polar shelf and slope data. These models were designed for Fig. 3 . Annual macrobenthic community production and P/B ratio. Multiple linear regression of P and P/B versus water depth and temperature. Black dots, Weddell and Lazarev Sea; squares, Arctic; circles, non-polar data. (A) Annual production related to water depth (no significant effect of temperature, no significant 2 interaction): log(P) 5 1.273 2 0.419 ? log (D 1 1) ; r 5 0.524; P , 0.001; n 5 39. (B) Annual P/B ratio related to temperature (no significant effect of water depth, no significant interaction): log(P/B) 5 14.497 2 4051.386 ? 2 1/T; r 5 0.554; P , 0.001; n 5 37. Data are taken from Asmus (1987) , Baird and Milne (1981) , Brey and Gerdes (in press ), Buchanan and Warwick (1974), Cederwall (1977) , Elliott and Taylor (1989) , George and Warwick (1985) , , , Howe and Leathem (1984) , Jacksoń et al. (1985) , Piepenburg et al. (1995) , Sarda et al. (1995) , Sprung (1993) , Steimle (1985) , Steimle (1987) , Theroux and Grosstein (1987) , Warwick and George (1980) , Warwick and Price (1975) , Warwick et al. (1978) , Warwick et al. (1979) , Wolff and de Wolf (1977) . use with population data but were applied to larger taxonomic units here (Table 1) . This may have caused a decrease in accuracy of the estimates of community productivity and production, but not necessarily a bias towards under-or overestimation of P/B and P.
Production and productivity
21
Our average community production figures, 4.8-0.1 g C m year (Fig. 2) , confirm previous estimates of Weddell Sea macrobenthic production. Based on sedimentation few known species P/B ratios to P¯10 g C m year . A comparison of Antarctic and Arctic shelf community production can be derived from Piepenburg et al. (1995) , who measured daily respiration rates of Barents Sea benthic communities in a comparable depth range. Assuming the summer rates measured 21 to be valid for about 100 days year and the relation between production and respiration to be P¯0.87 ? R (Humphreys, 1979) , annual production of Barents Sea m year ) and the 500-700 m depth stratum (2.1 g C m year ). Unfortunately, Piepenburg et al. (1995) do not provide biomass data for the total macro / megafauna, and hence we cannot decide whether the Barents Sea community shows lower biomass or lower P/B ratio than the Weddell and Lazarev Sea community. Interestingly, large mobile epibenthic organisms contribute significantly to total energy flow in both systems (mainly ophiuroids in the Arctic; all echinoderm classes in the Antarctic, Fig. 2 ). In the Barents Sea, however, the share of ophiuroids decreases sharply with water depth ('shallow' stations: 21%, 'deep' stations: 3%), whereas in the Weddell and Lazarev Sea the share of echinoderms is . 10% (ophiuroids 3-7%) irrespective of depth. To determine whether Antarctic benthic energy flow is affected by factors unique to the Antarctic, we applied multiple regressions (dependent variables, log(P) and log(P/ B); independent variables, log(D 1 1), 1 /T, log(D 1 1) ? 1 /T ) to data on Antarctic, Arctic and non-polar macrobenthic community production. This analysis revealed two significant relationships.
(i) Community production decreases exponentially with water depth (Fig. 3A) . This decrease is well documented for macrobenthic biomass (e.g. Brey and Gerdes, 1997), but hitherto not for benthic production. The most likely explanation is the exponentially decreasing food input to the benthos with increasing water depth (Rowe, 1971; Suess, 1980) .
(ii) Community P/B ratio increases exponentially with water temperature (Fig. 3b) . Obviously, the exponential relation between temperature and metabolism (e.g. Robinson et al., 1983; Ikeda, 1985) , is reflected not only on the level of population P/B ratios (e.g. Tumbiolo and Downing, 1994; , but also in community P/B ratios. Brey and Clarke (1993) found population P/B ratios to be negatively related to water depth. In our small sample (n 5 35), community P/B ratios are not significantly related to depth. Moreover, in the Weddell and Lazarev Sea, community P/B ratio rises with increasing water depth (Fig. 2) . This is likely to be due to the increase of temperature and the decrease in average body mass with depth (Table 1) .
Our data refer to the deepest and coldest sites which community production estimates are available from, and hence they represent the lowest figures of production and P/B ratio in Fig. 3 . Nevertheless, neither production nor P/B ratio of the Antarctic (as well as of the Arctic) macrobenthos are outstandingly low, if we take into account the effects of water depth and of temperature on P and P/B ratio. That is, as shown previously for Antarctic benthic populations (Brey and Clarke, 1993) , Antarctic benthic communities show no evidence of unique intrinsic characteristics with respect to overall energy flow, At the community level, adaptations to the particular environmental conditions of the Antarctic seem to be restricted to faunal composition (Brey and Gerdes, 1997) and trophic structure (Jarre-Teichmann et al., 1997) of the shelf and slope benthos.
